2012 AP® CHEMISTRY FREE-RESPONSE QUESTIONS
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3. A sample of CH,CH,NH, is placed in an insulated ainer, where it decomposes into ethene and smmonia
according 10 the reaction represented above.
Substance j»\hscluu: Entropy, 5°,
in JA(mol-K) a1t 298 K
CH,CH,NH,() 2849
CH,CH,(g) 2193
NHy(g) 192.8

Using the data in the table above, calculate the value, in J/(mol,, .+ K). of the standard entropy change. AS®.
. or the reaction a1 298 K,

(b) Using the data in the table below, calculate the value, in kJ/mol,,, . of the standard enthalpy change, AH®,
for the reaction a1 298 K.

Bond Cc-C | C C-H | C-N N-H

"
n

Average Bond Enthalpy 148

(kJ/mol) 614 | 413 | 223 | 391

(c) Based on your answer to part (b). predict whether the temperature of the contents of the insulated container
will increase, decrease, or remain the same as the reaction proceeds. Justify your prediction.

An experiment is carried oul to measure the rate of the reaction, which is first order, A 4.70 x 107" mol sumple
of CH,CH,NH, is placed in a previously evacuated 2.00 L container at 773 K. After 20.0 minutes, the
concentration of the CH,CH,NH, is found 10 be 3.60 x 10™* moV/L.

(d) Calculate the rate constant for the reaction at 773 K. Include units with your answer.
(e) Caleulute the initial rute, in A min™", of the reaction at 773 K,

i m is plotted versus time for this reaction, would the plot result in a straight line or would it

result in a curve? Explain your reasoning.

STOP

If you finish before time is called, you may check your work on this part only.
Do not turn to the other part of the test until you are told to do so.
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(b} Magnesium metal is strongly heated in oxygen gas.

(i) Balanced equation:

(i1) What is the oxidation number of magnesium before the reaction occurs, and what is the oxidation
number of magnesium alter the reaction is complete?

(c) A solution of nickel(11) chloride is added 10 a solution of sodium hydroxide, forming a precipitate.

(i) Balanced equation:

(i) 1M equal volumes of 1.0M nickel(I1) chloride and 1.0 M sodium hydroxide arc used. what ion is
present in the solution in the highest concentration after the precipitate forms?

YOU MAY USE THE SPACE BELOW FOR SCRATCH WORK, BUT ONLY EQUATIONS
THAT ARE WRITTEN IN THE ANSWER BOXES PROVIDED WILL BE SCORED.
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CHEMISTRY
Part B
Time—40 minutes
NO C:\I.CUL;\TUI{S MAY BE USED FOR PART B,

Answer Question 4 below. The Section 11 score weighting for this question is 10 percent.

4. For cach of the following three reactions, write a balanced equation for the reaction in part (i) and answer the
question aboul the reaction in part ii). In pant (i), coelTicients should be in terms of lowest whole numbers.
Assume that solutions are aqueous unless otherwise indicated. Represent substances in solutions as ions il the

b arce ively ionized. Omit las for any ions or molecules that are unchanged by the reaction,
You may usc the empty space at the bottom of the next page for scratch work, but only cquations that are writien
in the answer boxes provided will be scored.

EXAMPLE:

A strip of magnesium metal is added to a solution of silver(l) nitrute,

(i) Bulanced equation: W
Mg + 2AgT — Mgt + 249

(ii) Which substance is oxidized in the reaction?

M. o sidlized.

(a) A picce of solid strontium carbonalte is dropped into a 0.1 M solution of hydrochloric acid.

(i) Balanced equation:

(ii) Indicate one thing that would be observed as the reaction occurs.

© 2012 The College Baard.
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2011 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B)

2. An 8.55 mol sample of methanol, CHyOH . is placed in a 15.0 L evacuated rigid tank and heated 1o 327°C.
At that temperature, all of the methanol is vaporized and some of the methanol decomposes Lo form carbon
monoxide gas and hydrogen gas, as represented in the equation below,

CH,OH(g) & CO(g) +2 Hylg)

(a) The reaction mixture contains 6.30 mol of CO(g) at equilibrium m 327°C,
(i) Calculate the number of moles of Hytg) in the tlank,
(i1) Calculate the number of grams of CHyOH(g) remaining in the tank,
(iii) Calculaie the mole fraction of Hy(g) in the tank.
(iv) Calculate the total pressure, in atm, in the tank at 327°C,
Consider the three gases in the tank at 327°C: CH,0H(g). CO(g). and H,(g).
(i) How do the average kinctic encrgies of the molecules of the gases compare? Explain,
(i) Which gas has the highest average molecular speed? Explain.

(c) The tank is cooled 10 25°C, which is well below the boiling point of methanol, It is found that small amounts
of Hy(g) and CO(g) have dissolved in the liquid CHyOH. Which of the two gases would you expect to be

more soluble in methanol at 25°C ? Justify your answer.

© 2011 The College Board.
Visit the College Board on the Web: www.collegeboard.org,
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2011 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B)

CHEMISTRY
Part B
Time—40 minutes
NO CALCULATORS MAY BE USED FOR PART B.

Answer Question 4 below. The Section I1 score weighting for this question is 10 percent.

s

. For each of the following three reactions, write a balanced equation in part (i) and answer the question in
part (ii). In part (i), coefficients should be in terms of lowest whole numbers. Assume that solutions are aqueous
unless otherwise indicated. Represent substances in solutions as 1ons if the substances are exiensively ionized.
Omit formulas for any ions or molecules that are unchanged by the reaction. You may use the empty space al the
botiom of the next page for scratch work, but only equations that are written in the answer boxes provided will
be scored.

EXAMPLE:
A strip of magnesium metal is added to a solution of silver(I) nitrate.

(i) Balanced equation:

Mg+ 2 AgT —= Mg*T r 2%

(i) Which substance is oxidized in the reaction?

Mg, b spipsesl.

(a) Zinc metal is added 1o a hydrobromic acid solution.

(i) Balanced equation:

(i) Write the oxidation half-reaction for the reaction,

© 2011 The College Board.
Visit the College Board an the Web: www.collegeboard.org,
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=

Answer the following questions about glucose, CgHy,0y . an important biochemical energy source,

(@) Write the empirical formula of glucose.

In many organisms, glucose is oxidized 1o carbon dioxide and water, as represented by the following equation.
CoH04(5) + 6 Oy(g) = 6 CO; )+ 6 HO()

A 250 g sample of glucose and an excess of O,(g) were placed in a calorimeter. Alter the reaction was initiated
and proceeded to completion, the total heat released by the reaction was calculated to be 39.0 kJ.

(b) Calculate the value of AH®, inkJ mol™', for the combustion of glucose.

(c) When oxygen is not available, glucose can be oxidized by fermentation. In that process, ethanol and carbon
dioxide are produced, as ref d by the following equati

CiH,0u(5) = 2 CyHOH( + 2 COy(x) AH® = -68,0 k) mol™ a1 298 K

The value of the equilibrium constant, K. for the reaction at 298 K is 8.9 107,

Calculate the value of the standard free-energy change, AG®, for the reaction at 298 K. Include units
ith your answer.

(1B, Calculate the value of the standard entropy change. A, in J K™ mol™, for the reaction at 298 K.

( ndicate whether the equilibrium constant for the reaction i e of remains
the same if the lemperature is increased. Justily your answer,

(d) Using your answer for part (b) and the information provided in part {c), calculate the value of AH” for the
following reaction,

C,HOH() + 3 04(g) =+ 2CO4(g) + 3 H,O

STOP

If you finish before time is called, you may check your work on this part only.
Do not turn to the other part of the test until you are told to do so.

© 2011 The College Board.
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(b) Solid lithium oxide is added 10 distilled waler.

(1) Balunced equation:

(ii) Indicate whether the pH of the resulting solution is less than 7, equal to 7, or greater than 7. Explain

(€) A 100 mL sample of 1 A strontium chloride solution is mixed with a 100 mL sample of 1 A sodium
carbonate solution, resulling in the formation of a precipitate.

(i) Balanced equation:

(i) Describe what will occur i the precipitate is dried and a few drops of 1 M hydrochlonc acid are
added, Explam,

©2011 The College Board.
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2011 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B)

Answer Question 5 and Question 6. The Section I1 score weighting for these questions is 15 percent cach,

Your responses 1o these questions will be scored on the basis of the accuracy and relevance of the information cited.
Explanations should be clear and well organized. Examples and equations may be included in your responses where
appropriaic. Specific answers are preferable to broad, diffuse responses.

3. A student is instructed 1o prepare 100.0 mL of 1,250 M NaOH from a stock solution of 5.000 A NsOH. The
student follows the proper safcty guidelines.

(a) Calculate the volume of 5.000 M NaOH needed 10 accurately prepare 100.0 mL of 1.250 M NaOH solution.

(b) Describe the steps in a procedure (o prepare 100.0 mL of 1.250 M NaOH solution using 5.000 M NaOH
and equipment selected from the list below.
Balance 25 mL Edenmeyer Mask 100 mL gradvated cylinder 100 mL volumetric Mask
50 mL buret 100 mL Florence flask 25 mL pipet 100 mL beaker

_ Eyedropper Drying oven ‘Wash bottle of distilled H,0  Crucible

The student is given 50.0 mL of a 1.00 M solution of a weak, monoprotic acid, HA. The solution is titrated
ith the 1.250 M NaOH 1o the endpoint. (Assume that the endpoint is at the equivalence point.)

(1) Explain why the solution is basic at the equivalence point of the titration. Include a chemical equation
as part of your explanation.

(i1) Identify the indicator in the table below that would be best for the titration. Justily your choice.

Indicator pK,

Methyl red 5
Bromothymol blue 7
Phenolphthalein 9

I

The student is given another 50.0 mL sample of 1.00 A HA. which the student adds 1o the solution that had
n litraled to the endpoint in part (c). The result is a solution with a pH of 5.0.

(i} What is the value of the acid-dissociation constant, K, . for the weak acid? Explain your reasoning,

(i1} Explain why the addition of a few drops of 1,250 M NaOH 10 the resulting solution does not
appreciably change its pH.

© 2011 The College Board.
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(i1} In the box below. draw the compleie Lewis electron-dot diagrams of a methanoic acid molecule and a
water molecule in an orientation that allows a hydrogen bond 1o form between them,

Hydrogen Bonding Between Methanoic Acid and Water

(€) A small amount of liquid ethyl methanoate (boiling point 54°C) was placed in a rigid closed 2.0 L container
containing argon gas at an initial pressure of 1.00 atm and a temperature of 20°C. The pressure in the
container was monitored for 70. seconds after the ethyl methanoate was added. and the data in the graph
below were obtained. It was observed that some liquid ethyl methanoate remained in the Mask after 70.
seconds. (Assume that the volume of the remaining liquid is negligible compared 10 the toal volume of the
conlainer. )

1.304 -

120 ‘
(B
Y —
(?.‘)ll‘

Pressure (atm)

-
010,20, 30, 40, 50. 60 70,

Time (seconds)
(1) Explain why the pressure in the flask increased during the first 60, scconds

(i} Explain. in terms of processes occurring at the molecular level. why the pressure in the flask remained
constant after 60. seconds.

(111) What is the value of the partial pressure of ethyl methanoate vapor in the container at 6. seconds?

(iv) Afer 80. seconds, additional liquid ethyl methanoate is added 1o the container a1 20°C. Does the partial
pressure of the ethyl methanoate vapor in the container increase, decrease. or stay the same? Explain.
(Assume that the volume of the additional liquid ethyl in the container is negligible
compared 1o the total volume of the container.)

STOP

END OF EXAM

© 2011 The Callege Hoard
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6. Use principles of molecular structure, intermolecular forces, and kinetic molecular theory 1o answer the
Tollowing questions,

(a) A complete Lewis eleciron-dot diagram of a molecule of ethyl methanoate is given below.

10 H M
B o= 1 |1

H—c,—g;—-ci',—cl'—u
H, H

(1 1de

ily the hybnidization of the valence electrons of the carbon atom labeled C_ .

(i) Estimate the numerical value of the H — C,— O bond angle in an cthyl methanoate molecule.
Explain the basis of your estimate,

(b) Ethyl methanoate, CHyCH,OCHO. is synthesized in the laboratory from cthanol, C,HOH. and methanoic
acid, HCOOH | as represented by the following equation,

C,H{OH() + HCOOH() & CH,CH,0CHO() + H,0()

(i} In the box below, draw the complete Lewis electron-dot diagram of a methanoic acid molecule,

Methanoic Acid

©2011 The College Board.
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2009 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B)

5,0,%(ag) —H s 50.7(ag)+ 5()

2. A student performed an experiment to investigale the decomposition of sodium thiosulfate. Na,$,0;. in acidic
solution, as represented by the equation above. In each trial the student mixed a different concentration of
sodium thiosulfate with hydrochloric acid al constant temperature and determined the rate of disappearance of
$,0,%(aq). Data from five trials are given below in the table on the left and are plotted in the graph on the right,

| |
0.060 : - .
Initial Initial Rate of | | |
Concentration | Disappearunce § 0.050 | | >
Trial | of $,0,% (ag) | of 5,0,* (ag) g Z= |
(M) (M) iz
£
1 0050 0.020 3000
a,
2 0075 0030 iy
2 G003 :
3 0088 0.034 a2 |
1 ol 0,045 Z oo : |
E [ !
5 0125 0.051 = ! | |
0010 - : + 1
005 007 009 01l 0.13

Initial Concentration of 510,3' M)

(a) Identify the independent variable in the experiment.

(b) Determine the order of the reaction with respect to $,04%". Justify your answer by using the information
above.

(¢} Determine the value of the rate constant, k, for the reaction. Include units in your answer. Show how you
arrived al your answer,

(d) In another trial the student mixed 0.10 M Na,§,0; with hydrochloric acid. Caleulate the amount of time it
would take for the concentration of $,0,* tw drop to 0.020 A .

(e} On the graph above, sketch the line that shows the results that would be expected if the student repeated the
five trials at a temperature lower than that during the first set of trials.

© 2009 The College Board, All rights reserved.
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2009 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B)

CHEMISTRY
Part B
Time—40 minutes
NO CALCULATORS MAY BE USED FOR PART B.

Answer Question 4 below. The Section 11 score weighting for this question is 10 percent,

s

. For each of the following three reactions, write a balanced equation in pant (i) and answer the question in
part (1) In part (i), coefficients should be in terms of lTowest whole numbers. Assume that solutions are agueous
unless otherwise indicated. Represent substances in solutions as ions if the substances are extensively ionized.
Omit formulas for any ions or molecules that are unchanged by the reaction. You may usc the empty space al the
bottom of the next page for scraich work, but only equations thal are writien in the answer boxes provided will
be graded

EXAMPLE;

A strip of magnesium metal is added 1o a solution of silver(l) nitrate.

(i) Balanced equation:

Mg+ 2 AgT — Mg*" + 2 /g

(ii) Which substance is oxidized in the reaction?

Mg, fo mo@uzu(/

(a} A barium nitrate solution and a potassium fluoride solution are combined and a precipitate forms.

(i) Balanced equation:

(1) 1M equimolar amounts of barium nitrate and potassium fluoride are combined. which reactant. if any.
is the limiting reactan1? Explain.

© 2009 The Callege Board. Al rights reserved.
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2009 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B)

2H,0,(ag) — 2H,0() + Oy(g)

3. The mass of an aqueous solution of H,0, is 6.951 g. The H,0, in the solution decomposes completely
according Lo the reaction represented above. The O,(g) produced is collected in an inverted graduated tube
over water al 23.4°C and has a volume of 182.4 mL when the water levels inside and outside of the tube are
the same. The atmospheric pressure in the lab is 762.6 torr, and the equilibrium vapor pressure of water at
23.4°Cis 21.6 o,

() Calculate the partial pressure, in torr, of O,(g) in the gas-collection tube.

(b} Calculate the number of moles of O,(g) produced in the reaction.

(c) Calculate the mass. in grams, of H,0, that decomposed.

(d) Calculate the percent of H,0, . by mass, in the original 6.951 g aqueous sample.

(e) Write the oxidation number of the oxygen atoms in H,0, and the oxidation number of the oxygen atoms in
0, in the appropriate cells in the table below.

Oxidation Number
Substance | e Oxygen Atoms
H,0,
0,

(N Write the balanced oxidation hall-reaction for the reaction.

STOP

H you tinish before time is called, you may check your work on this part only.
Do not turn to the other part of the test until you are told to do so.

© 2009 The College Board. All rights reserved.
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2009 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B)

(h) A piece of cadmium metal is oxidized by adding it 1o a solution of copper{Il) chloride.

(i) Balanced cquation;

(i) List two visible changes that would occur in the reaction container as the reaction is proceeding

(3] A hydrolysis reaction occurs when solid sodium sulfide is added to distilled water,

(i) Balanced equation:

(i) Indicate whether the pH of the resulting solution is less than 7, equal to 7. or greater than 7. Explain.

© 2009 The College Board. All rights reserved.
Visit the Coliege Board on the Web: www.collegeboard.com.
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2004 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B)
Your responscs (0 the rest of the questions in this part of the examination will be graded on the basis of the accuracy
and relevance of the information cited. Explanations should be clear and well organized. Examples and equations
may be included in your responses where appropriate. Specific answers are preferable to broad. diffuse responses.

Answer BOTH Question 5 below AND Question 6 printed on page 11. Both of these questions will be graded. The
Section 1l score weighting for these questions is 30 percent (15 percent cach).

5. An experiment is performed (o determine the molar mass of an unknown solid monoprotic acid. HA. by titration
wilh a standardized NaOH solution.

(a) What measurement(s) must be made to determine the number of moles of NaOH used in the titration?

(b) Write a mathematical expression that can be used to determine the number of moles of NaOH used to reach
the endpoint of the titration,

(c) How can the number of moles of HA consumed in the titration be determined?

(d) In addition to the measurement(s) made in part (a), what other measurement(s) must be made to determine
the molar mass of the acid. HA ?

(e) Write the mathematical expression that is used to determine the molar mass of HA.

() The following diagram represents the setup for the titration. In the appropriate boxes below, list the
chemical(s) needed 1o perform the titration.

 Chemical(s) Needed in Flask
(g) Explain what effect each of the following would have on the calculated molar mass of HA. Justify your
answers,
(i) The original solid acid. HA. was not completely dry at the beginning of the experiment.
{1i) The procedure called for 25 mL of H,0 in the Erlenmeyer Mask. but a student used 35 mL of H,0.

Copyright © 2004 by College Entrance Examination Boand, All rights rescrved.
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2004 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B)
Answer EITHER Question 7 below OR Question § printed on page 13. Only one of these two questions will be
graded. If you start both questions, be sure 10 cross out the question you do not want graded. The Section 11 score
weighting for the question you choose is 15 percent.
Na(g) + 2Hy(g) 2 NoHy(g) AHyg = 4954 kI mol™: A8y, = -176) K~ mol”!
7. Answer the following questions about the reaction represented above using principles of thermodynamics .

(a) On the basis of the thermodynamic data given above, compare the sum of the bond strengths of the reactants
10 the sum of the bond strengths of the product, Justify your answer.

ocs the entropy change of the reaction favor the reactants or the product? Justily your answer,

?‘}axf the reaction under the conditions specified, which is favored. the reactants or the product? Justify your
answer.

Explain how 1o determine the valug of the equilibrium constant. K, . for the reaction. (Do pot do any
calculations.)

edict whether the value of K, for the reaction is greater than 1, equal 1o 1. or less than 1. Justify your
answer.

Copyright © 2004 by College Entrance Examination Boand. All nghts reserved.
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2004 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B)

Volumeter

6. The following questions refer Lo the eleci rical cell shown in the diagram above.

(a) Write a bal d net fonic equati

(b) Calculaie the standard cell ‘ntial. E£°, for the kgaction in pan (a).

(c) Inthe diagram above,

(i) label the anode aid the cathode on the dotted lines wrovided, and
¢ hoxes below the hall-cells, the concenl
that are needed 10 generate £°.

(i) indicate, in
Zn(NO

tion of AgNO; and the concentration of

(d) How wil cell potential be affected il KI is added to the silvér half-cell? Justify your answer,

Copyright © 2004 by Collcge Entrance Examination Board. All rights reserved
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CH, CH, CH, H
N g N g
C=C == c=
Vd N s W
H H H CH,

cis-2-butene trans-2-butene

8. ‘The gas-phase conversion reaction between the geometric isomers cis-2-butene and trans-2-butene is represenied
by the equation above, The value of the equilibrium constant, K, . for the reaction is 3.2 w1 298 K and 1.0 utm.

(a) In amixture of the isomers al equilibrium at 298 K and 1.0 atm, which is present at a higher concentration,
cis-2-butene or rrans-2-butene? Justify your answer,

(b) 11 1.00 mol of pure ¢is-2-butene and 1.0 mol of pure frans-2-butene were introduced into an evacuated
contuiner at 298 K. in which direction (to the right or to the left) would the reaction proceed to establish
equilibrium? Justify your answer.

(c) Giventhat K, for the reaction at 400 K has the value 1.3. predict whether the reaction is endothermic or
exothermic. Justify your answer.

(d) There are other structural isomers of cis-2-bulene and rrans-2-butene. Draw one of these isomers. including
all atoms, and give its IUPAC name,

END OF EXAMINATION
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2005 AP® CHEMISTRY FREE-RESPONSE QUESTIONS 2005 AP®* CHEMISTRY FREE-RESPONSE QUESTIONS

6. Answer the following questions that relate to chemical bonding. Answer EITHER Question 7 below OR Question 8 printed on page 14. Only one of these two questions will be
graded. If you start both questions, be sure to cross out the question you do not want graded. The Section II score
(a) In the boxes provided, draw the complete Lewis structure (electron-dot diagram) for each of the three weighting for the question you choose is 15 percent.
molecules represented below.

7. Use principles of atomic structure, bonding, and/or intermolecular forces to respond to each of the following.
CF, PF, SF, Your responses must include specific information about all substances referred to in each question.

(a) Ata pressure of | atm, the boiling point of NH;({) is 240 K, whereas the boiling point of NF;({)
is 144 K.

(i) Identify the intermolecular force(s) in each substance.

(ii) Account for the difference in the boiling points of the substances.

(b) The melting point of KCl(s) is 776°C, whereas the melting point of NaCl(s) is 801°C.
(i) Identify the type of bonding in each substance.

(ii) Account for the difference in the melting points of the substances.
(b) On the basis of the Lewis structures drawn above, answer the following questions abott the particular

molecule indicated. (c) Asshown in the table below, the first ionization energies of Si, P, and Cl show a trend.
(i) Whatis the F-C-F bond angle in CF,?
(ii) What is the hybridization of the valence orbitals of P in PF5? Element First [mt:;:fnergy
(iii) What is the geometric shape formed by the atoms in SF, ? Si 756
(c) Two Lewis structures can be drawn for the OPF; molecule, as shown below. P 1012
Ci 1,251
(ﬁ :(l): (i) For each of the three elements, identify the quantum level (e.g.,n =1, n =2, etc.) of the valence
F—P—F: tF—P —F: electrons in the atom.
B . Il-‘ - h R l|= h (ii) Explain the reasons for the trend in first ionization energies.
Structure 1 Structure 2 (d) A cerain element has two stable isotopes. The mass of one of the isotopes is 62.93 amu and the mass of

the other isotope is 64.93 amu.
(i) Identify the element. Justify your answer.
(i) How many sigma bonds and how many pi bonds are in structure 1 ? (ii) Which isotope is more abundant? Justify your answer.

(ii) Which one of the two structures best represents a molecule of OPF, ? Justify your answer in terms of

formal charge.
Copyright © 2005 by Coﬂegc Entrance Exammauon Boxrd All nghls reserved. Cnpynyu © 2005 by Coilege Enuam:e Exzmmztlon Boa.rd AEI nghls reserved.
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2007 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B)

CHEMISTRY
Section 11
(Total time—95 minutes)

Part A
Time—55 minutes
YOUMAY USE YOUR CALCULATOR FOR PART A.

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS,
Itis 1o your advantage to do this, since you may obtain partial credit il you do and you will receive little or no credit il
you do nol. Altention should be paid to significant ligures.

Be sure 10 write all your answers 1o the questions on the lined pages following each guestion in the goldenrod
booklet. Do NOT write your answers on the lavender insert.

Answer Questions 1, 2, and 3. The Section I1 score weighting for cach question is 20 percent.

1. A sample of solid UyOy is placed in a rigid 1.500 L flask. Chiorine gas, Cly(g). is added. and the Nask is heated

10 862°C. The equation for the reaction thal takes place and the equilibrium-constant expression for the reaction
are given below.

(Puosa, ) (Pa,
Uy0y(0) + 3CIe) 2 3UOCLix) + Ogle) L
. (pay )
‘When the system is at equilibrium, the partial pressure of Cly(g) is 1.007 atm and the partial pressure
of UO,Cly(g) is 9.734 x 10~ atm.
(a) Calculate the panial pressure of O,(g) at equilibrium a1 862°C.
(b) Calculate the value of the equilibrium constant, X, for the system al 862°C
Calculaie the Gibbs ree-energy change. AG®, for the reaction a1 862°C.

.\{ State whether the entropy change, AS®, for the reaction at 862°C is positive, negative, or zero. Jusufy
i your answer,

(eX Statc whether the enthalpy change, AH°, for the reaction at 862°C is positive. negative, or zero. Justily
Our answer.

(f) After a cenain period of time, 1.000 mol of O,(g) is added to the mixture in the Nask, Doces the mass of
U,04(s) in the Nask increase., decrease, or remain the same? Justily your answer.

© 2007 The College Board. All rights reserved,
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(b) Chlorine gas, an oxidizing agen. is bubbled into a solution of potassium bromide.

(i) Balanced equation:

(1) What is the oxidation number of chlorine before the reaction occurs? What is the oxidation number of
chlorine afier the reaction occurs?

(c) A small piece of sodium is placed in a beaker of distilled waer.

(i) Balanced equation:

{1i) The reaction is exothermic, and sometimes small ames are observed as the sodium reacts with the
water, Identify the product of the reaction that burns (o produce the flames.

© 2007 The College Board. All rights reserved.
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CHEMISTRY
Part B
Time—40 minutes
NO CALCULATORS MAY BE USED FOR PART B.

Answer Question 4 below, The Section Il score weighting for this question is 10 percent.

4, For each of the following three reactions, in part (i) write a balanced equation for the reaction and in part (ii)
answer the question about the reaction. In part (i), coefficients should be in terms of lowest whole numbers.
Assume that solutions are aqueous unless otherwise indicated. Represent substances in solulions as ions il the
substances are extensively ionized. Omit formulas for any ions or molecules that are unchanged by the reaction.
You may use the empty space at the bowom of the nexi page for seratch work, but only equations that are written
in the answer boxes provided will be graded,

EXAMPLE;
A strip of magnesium metal is added o a solution of silver(l) nitrate.
(i) Balanced equation:
Mg+ 2 AgT — Mg*" + 245
(ii) Which substance is oxidized in the reaction?
My sor sploizesl.
(a) Solid ammonium carbonate decompaoses as it is heated.
(1) Balanced cquation:
(i1) Predict the algebraic sign of AS® for the reaction. Explain your reasoning.
© 2007 The College Board, All rights reserved.
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First Second Third
lonization Energy | lonization Energy | lonization Energy
(kJ mol™") (kJ mol™") (kJ mol™)
Element | 1.251 2,300 3.820
Element 2 496 4,560 6910
Element 3 738 1.450 7.730
Element 4 1.000 2,250 3.360
6. The table above shows the first three ionization energies for atoms of four clements from the third period of the

periodic table. The elements are numbered randomly. Use the information in the table to answer the following
questions,

(2) Which element is most metallic in character? Explain your reasoning.

(h) Identify clement 3. Explain your reasoning,

(€) Write the completg electron configuration for an atom of element 3.

(d) What is the expected oxidation state for the most common ion of element 2 7
(e) What is the chemical symbol for element 2 7

(N A neutral atom of which of the four elements has the smallest radius?

STOP

END OF EXAM
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2005 AP® CHEMISTRY FREE-RESPONSE QUESTIONS (Form B)

Your responses 1o the rest of the questions in this part of the examination will be graded on the basis of the accuracy
and mlr.y:u‘c: of m information cited. Explanations should be clear and well organized. Examples and cquations
may be included in your responses where appropriate. Specific answers are preferable 1o broad, diffuse responses.

Answer BOTH Question § below AND Question 6 prinied on page 12. Both of these questions will be graded. The
Section 11 score weighting for these questions is 30 percent (15 percent cach),
2Al(s) + 2KOH(ag) + 4 H,504(ag) + 22 H,0(/) — 2 KAISO), 12H,0(5) + 3 Hy(g)

5. Inan experiment, a student synthesizes alum, KAI(SO,),*12H,0(s). by reacting aluminum metal with potassium
hydroxide and sulfuric acid. as represented in the balanced equation above,

(a) In order o synthesize alum, the student must prepare a 5.0 M solution of sulfuric acid. Describe the
procedure for preparing 50.0 mL of 5.0 M H,50, using any of the chemicals and cquipment listed below.
Indicate specific amounts and equipment where appropriate.

10.0 M H,50, 50.0 mL volumetnic Mask
Distilled water 50.0 mL buret
100 mL graduated cylinder 25.0 mL pipel
100 mL beaker 50 mL beaker

(b) Calculate the minimum volume of 5.0 M H,80, that the student must use 10 react completely with
2.7 ¢ of aluminum metal,

{€) As the reaction solution cools, alum crystals precipitate. The student filters the mixture and dries the
crystals, then measures their mass.

(i) IMthe student weighs the crystals before they are completely dry. would the calculated percent yield be
greater than, less than, or equal 1o the actual percent yield? Explain.

(i1) Cooling the reaction solution in an ice bath improves the percent yield obtamned. Explain,

(d) The student heats crystals of pure alum, KAI(SO,),*12H,0(s). in an open crucible 10 a constant mass. The
mass of the sample after heating is less than the mass before heating. Explain,

Copyrqchi D 2:1“ by Cn!|qu Entrance Examination Board, All nights reserved.
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Answer EITHER Question 7 below OR Question 8 printed on page 14. Only one of these two questions will be
graded, I you start both questions, be sure (o cross out the question you do not want graded. The Section 11 score
weighting for the question you choose is 15 percent.

7. Answer the following questions about thermodynamics.

Substance Combusticn Reaction Entiplpy of Comtmstion:
AM?,  at 98 K (k) mol™)
Hy() Hae) + %Oz{gJ - H0( ~290
C(o) C(s) + O4(g) = COy(2) -390
CH,OH(N ~730

(a) Inthe empty box in the table above, write a balanced chemical equation for the complete combustion of
eng mole of CH,OH(!). Assume products are in their standard states at 298 K. Cocfficients do not need
10 be whole numbers.

(b) On the basis of your answer to part (a) and the information in the table. determine the enthalpy change for
the reaction C(s) + Hy(g) + H,0() — CH,0H(.

(¢) Write the balanced chemical equation that shows the reaction thal is used (o determine the enthalpy of
formation for png mole of CH,OH().

\Pﬂ:dicl the sign of AS® for the combustion of Hy(g). Explain your reasoning.

{e) On the basis of bond energies, explain why the combustion of Hi(g) is exothermic,

Copyright © 2005 by College Enu:nct Examination Board, MJ rights reserved,
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0 0
0.10 mal .10 mol
Nylg) Hylg)
\ w | J
101 10L
298 K 218K

6. Consider two containers of volume 1.0 L al 298 K, as shown above. One container holds 0.10 mol Ny(g) and
the other holds 0.10 mol Hy(g). The average kinetic energy of the N,(g) molecules is 6.2 x 107" J, Assume
that the Ny(g) and the Hy(g) exhibit ideal behavior,

(a) Is the pressure in the container holding the H(g) less than. greater than, or equal 1 the pressure in the
container holding the N,(g) ? Justify your answer,
hat is the average kinetic energy of the H,(g) molecules? ( aw OO
W molecules of which gas, Ny or H,, have the greater average speed? Justify your answer.

(d) Whint chunge could be made that would decrease the average kinetic energy of the N,(g) molecules in the
container?
(e) If the volume of the container holding the H,(g) was decreased 1o 0.50 L at 298 K, what would be the
change in cach of the following variables? In each case, justify your answer.
(i) The pressure within the container
hi\'l'hr average speed of the Hy(g) molccules

Copyright © 2005 hr College Fntrance Examination Soard. Al rights reserved.
Visit apcemral collegeboard.com (for AF and www. (for AP stndents and parents)
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o

. Use principles of atomic structure, bonding. and intermolecular forces 1o answer the following questions. Your
responses must include specific information about gl substances referred 10 in each pan.

(a) Draw a complete Lewis electron-dot structure for the €S, molecule. Include all valence electrons in your
structure.

(b) The carbon-to-sulfur bond length in €S, is 160 pi Is the carbon-to-selenium bond length in CSe,
expected o be greater than, less than, or equal 1o this value? Justify your answer.

{c) The bond encrgy of the carbon-to-sulfur bond in CS, is S77kJ mol™". s the bond energy of the carbon-to-
selenium bond in CSe, expected 1o be greater than, less than, or equal (o this value? Justify your answer.

Propune Methanoic Acid

(d) The complete structural formulas of propane, CyHy . and methanoic acid. HCOOH. are shown above. In the
table below, write the type(s) of mtermolecular atractive force(s) that occur in each substance.

Subslance Boiling Point Intermolecular Attractive Force(s)

Propane 29K

Methanoic acid IMK

(¢) Use principles of intermolecular attractive forces to explain why methanoic acid has a higher boiling point
than propane.

END OF EXAM

Copyright € 2005 by Caollcge Entrance Examination Board. All rights reserv
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2003 AP® CHEMISTRY FREE-RESPONSE QUESTIONS

CHEMISTRY
Section 11
{Total time—95 minutes)

Part A
Time—55 minttes
YOU MAY USE YOUR CALCULATOR FOR PART A.

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS.
ltis to your advantage (o do this. since you may obtain pastial crodit if you do and you will seceive litthe of no crodit if
you do nol. Attention should be paid to significant figures.

Be sure to write 2) your answers 10 the questions on the lined pages following each question in the booklet with the
pink cover. Do NOT write your answers on the green insert.

Answer Questions 1. 2. and 3. The Section [ score weighting for cach question is 20 percent.

C(s)+COxg) 2 2CO0(g)

. Solid carbon and carbon dioxide gas &1 1,160 K were placed in a rigid 2.00 L container, and the reaction
represented above occummed. As the reaction proceeded, the totzl pressure in the container was monitored.

‘M:: u;l:cilil:'!ium was reached, there was still some Cls) ining in the iner. Results are Jod
n 1al ow,
(atm)
0.0 5.00
20 6.26
4.0 109
6.0 275
8.0 8.37
10.0 8.37

(@) Write the cxpression for the equitibrium constant, X, . for the reaction.

(b) Catcutate the number of moles of CO,(g) initially placed in the container. (Assume that the volume of the
solid carbon is ncgligible.)

008 The Cdknr loud. Al rights reserved.
Vish L rnm(lm AP (far students andd parents).
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2. Answer the ing ions relating to gravimetric analysis.

1n the first of two experi! a student is assigned the task of ining the number of moles of water in onc
mole of MgCl, - nH,0. The student collects the data shown in the following table.

Mass of empty container | 22.347 g

Initia} mass of sample and contziner | 25.825 g

Mass of sample and container after first heating | 23.982 g
Mass of sample and container after sccond healing | 23.976 g
Mass of sample and container after third heating | 23.977 g

(a) Explain why the student can correctly conclude that the hydrate was heated a sufficient number of Uimes in
the experiment.
(b) Use the data above to
(i) cakculate the totzl number of moles of water lost when the sample was heated., and
(ii) determine the formuta of the hydrated compound.
(c) A different student beats the hydrate in an uncovered crucible. and some of the solid spattcrs out of the

crucible. This spattering will have what cffect on the calcutated mass of the water lost by the hydraie?
Justify your answer.

In the second experiment, a student is given 2.94 g of a mixiure containing anhydrous MgCl; and KNO,. To
determine the percentage by mass of MgCl, in the mixiure. the studeni uses excess AgNO,q(ag) 10 precipitate
the chloride ion as AgCI(s).

(d) Swarting with the 2.94 g sample of the mixture dissolved in water, hnefly describe the sieps necessary 10
Quantitatively determine the mass of the AgCl precipitate.

(c) The student determines the mass of the AgCl precipitate to be 5.48 g. On the basis of this information,
calcutate each of the following.

(i) The number of moles of MgCl, in the original mixture
(ii) The percent by mass of MgCl, in the origina! mixture

© 2008 The College Baard. Al rights reserved.
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{c) For the reaction mixtore at equilibrium at 1,160 K. the partial pressure of the CO;4(g) is 1.63 mm. Calculzie
(i) the pastial pressure of CO(g). und
(ii) thervalue of the equilibrium constani, K.

{d) If a suilzble solid catalyst were placed in the reaction vessel, would the fingl total pressurc of the gascs 21
cquilibrium be greater than, less than, or equal ta the final total pressure of the gases 2t equilibrivm without
the catalyst? Justify your answer. (Assume that the volume of the solid catalyst is negligible.)

In another experiment involving the same reaction, a rigid 2.00 L container initially conizins 10.0 g of C(s),
plus CO(g) xnd COxg). cach ai a partial pressure of 2.00 atm at 1.160 K.

(e) Predict whether the partial pressure of COy(g) will increase. decrease, or remain the same as this system
approaches cquilibrium. Justify your prediction with a calculation.

© 2008 The Calleps Dourd. Al ighis reserved
Visit apeentral cam (for AP (for stodents and parents).
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A rate study of the reaction yickied the data recorded in the table below.

e | i . Tnitia} Ratc of
Experiment | LG (mol L) of G, (mol L™ mi’f—'ff’
1 0.0200 0.0300 8.52x 1072
2 0.0200 0.0900 2.56x 107!
3 0.0600 0.0300 7.67x 107!

() Determine the arder of the reaction with respect to each of the following reactants, Give details of your
reasoning, clearly explaining or showing how you arrived at your answers.

i) NO
(i) 0,

(¢) Write the expression for the rate law for the reaction as ined from the i i data.

(H Determinc the value of the rate constant for the sezction. clearly indicating the units.

STOP

1f you finish before time is called, you may chock your work on this part only.
Do not turn to tho other part of the test until you aro told to do so.
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